The VISCACHA (VIsible Soar photometry of star Clusters in tApii and Coxi HuguA) Survey is an ongoing project based on deep photometric observations of Magellanic Cloud star clusters, collected using the SOuthern Astrophysical Research (SOAR) telescope together with the SOAR Adaptive Module Imager. Since 2015 more than 200 hours of telescope time were used to observe about 130 stellar clusters, most of them with low mass (M < 10 4 M⊙) and/or located in the outermost regions of the Large Magellanic Cloud and the Small Magellanic Cloud. With this high quality data set, we homogeneously determine physical properties from statistical analysis of colour-magnitude diagrams, radial density profiles, luminosity functions and mass functions. Ages, metallicities, reddening, distances, present-day masses, mass function slopes and structural parameters for these clusters are derived and used as a proxy to investigate the interplay between the environment in the Magellanic Clouds and the evolution of such systems. In this first paper we present the VISCACHA Survey and its initial results, concerning the SMC clusters AM3, K37, HW20 and NGC796 and the LMC ones KMHK228, OHSC3, SL576, SL61 and SL897, chosen to compose a representative subset of our cluster sample. The project's long term goals and legacy to the community are also addressed.
INTRODUCTION
The gravitational disturbances resulting from interactions between the Large Magellanic Cloud (LMC) and the Small Magellanic Cloud (SMC) and between these galaxies and the Milky Way (MW) are probably imprinted on their star formation histories, as strong tidal effects are known to trigger star formation across dwarf galaxies (Kennicutt et al. 1996) . Gas dynamics simulations of galaxy collision and merging have shown that the properties of tidally induced features such as the Magellanic Stream and Bridge can be used to gather information about the collision processes and to infer the history of the colliding galaxies (Olson & Kwan 1990) . When applied to model the Magellanic System, present-day simulations have been able to reproduce several of the observed features of the interacting galaxies such as shape, mass and the induced star formation rates. However, it is still not clear whether the Magellanic Clouds are on their first passage, or if they have been orbiting the MW for a longer time (e.g. Mastropietro et al. 2005; Besla et al. 2007; Diaz & Bekki 2012; Kallivayalil et al. 2013) . Putman et al. (1998) confirmed the existence of the Leading Arm, which is the counterpart of the trailing Magellanic Stream. The existence of both gas structures most likely has a tidal origin. Because of that, it is also expected that the Magellanic Stream, the Leading Arm and the Magellanic Bridge should have a stellar counterpart of the tidal effects within the Magellanic System (e.g. Diaz & Bekki 2012) . Besides, the close encounters among SMC, LMC and the MW should trigger star formation at specific epochs (Harris & Zaritsky 2009 ), presumably imprinted in the age and metallicity distribution of field and cluster stars.
In the context of interacting galaxies, it is well known that the tidal forces have a direct impact over the dynamical evolution and dissolution of stellar clusters and that the intensity of these effects typically scale with galactocentric distances (Bastian et al. 2008) . The outcome of these gravitational stresses imprinted on the stellar content of these systems can be diagnosed by means of the clusters structural parameters (Werchan & Zaritsky 2011; Miholics et al. 2014) and mass distribution (Glatt et al. 2011) . In a similar fashion, the effects of the galactic gravitational interactions in the Magellanic System should also be seen in the structural, kinematical and spatial properties of their stellar clusters, particularly on those on the peripheries of the LMC and SMC. Whether or not they are affected by significant disruption during their lifetime is an open question and subject of current debate (Casetti-Dinescu et al. 2014 ). Comparing these properties at different locations across the Magellanic Clouds is the key to unveiling the role of tidal forces over the cluster's evolution and to map crucial LMC and SMC properties at projected distances usually not covered by previous surveys. Given the complexity of the cluster dynamics in the outer LMC and SMC, additional kinematic information might be required (e.g. radial velocities) to constraint their orbits and address the issue of possible cluster migration, both in a galactic context and between the Clouds, as such behaviour has already been seen in their stellar content (Olsen et al. 2011) .
Fortunately, most of the star clusters fundamental parameters such as age, metallicity, distance, reddening and structural parameters can be inferred from photometry using well established methodologies such as simple stellar population models, N-body simulations, stellar evolution models and colour-magnitude diagrams (CMDs). These parameters, in turn, can be used to probe the 3D structure of the Magellanic Clouds and Bridge, to sample local stellar populations and also to map their chemical gradients and evolutionary history. When combined with proper motions from Gaia Collaboration et al. (2018) and with radial velocities and metallicities from a spectroscopic follow-up they can provide a wealth of additional information such as the radial metallicity gradients, still under discussion for these galaxies, the internal dynamical status and evolutionary timescales of the clusters and their 3D motions and orbits, which constrain the mass of the LMC and SMC.
Some efforts have been made to collect heterogeneous data from the literature and study the topics above (e.g. Pietrzynski & Udalski 2000 , Rafelski & Zaritsky 2005 , Glatt et al. 2010 , Piatti 2011 , Palma et al. 2016 , Perren et al. 2017 , Parisi et al. 2009 , Dias et al. 2014 , Nayak et al. 2016 , Pieres et al. 2016 . However, the dispersion in the parameters due to different data qualities, analysis techniques and photometric bands used do not put hard constraints on the history of the SMC and LMC star cluster populations. This is usually one of the most compelling arguments to carry out a survey in the Magellanic Clouds.
After Putman et al. (1998) , the investigation of some of these subjects has greatly benefited from several photometric surveys, some dedicated exclusively to the Magellanic Clouds. We describe the main surveys covering the Magellanic Clouds in Table 1 . It can be seen that they complement each other in terms of sky coverage, filters, photometric depth, and spatial resolution. All of them give preference to large sky coverage over photometric depth at the expense of good photometry of low-mass stars in star clusters. The Hubble Space Telescope (HST) is suitable to explore this niche, but only for a few selected massive clusters given the time limitations implied in observing hundreds of low-mass ones.
Our VISCACHA (VIsible Soar photometry of star Clusters in tApii and Coxi HuguA 1 ) survey exploits the unique niche of deep photometry of star clusters and a good spatial resolution throughout the LMC, SMC, and Magellanic Bridge. In order to observe a large sample, including the numerous low-mass clusters we need large access to a suitable ground-based facility. These conditions are met at the 4.1-m Southern Astrophysical Research (SOAR) telescope combined with the SOAR Telescope Adaptive Module (SAM) using ground-layer adaptive optics (GLAO). The VISCACHA team can access a large fraction of nights at SOAR (Brazil: 31%, Chile: 10%) to cover hundreds of star clusters in the Magellanic System during a relatively short period, with improved photometric depth and spatial resolution. This combination allows us to generate precise CMDs especially for the oldest, compact clusters immersed in dense fields, which is not possible with large surveys. A more detailed description of the survey is given in Section 2.
Among the topics that the VISCACHA data shall allow to address and play an important role, we list: (i) posi- Gaia is able to separate two point sources that are > 0.1 ′′ apart, but this is only a reference, it cannot be directly compared with ground-based telescope FWHM or resolving power. Another parameter is that Gaia can resolve stars up to a density of 0.25 star/ ′′2 . Bica et al. (2015) .
tion dependence structural parameters of clusters, (ii) agemetallicity relations of star clusters and radial gradients, (iii) 3D structure of the Magellanic System in contrast with results from variable stars, (iv) star cluster formation history, (v) dissolution of star clusters, (vi) initial mass function for high-and low-mass clusters, (vii) extended main-sequence turnoffs in intermediate-age clusters, (viii) combination with kinematical information to calculate orbits, among others. This paper is organized as follows. In Section 2 we present an overview of the VISCACHA survey. In Sections 3 and 4 we describe the observations and data reduction. The analysis we will perform on the whole data set is presented in Section 5, and the first results are shown in Section 6. Conclusions and perspectives are summarised in Section 7.
THE VISCACHA SURVEY
Photometric studies of Magellanic Clouds clusters are usually limited to those with the main sequence turn-off above the detection limits (Chiosi et al. 2006) , which is directly related to the depth of the observations. Furthermore, crowding can also hamper the studies of many compact clusters and those immersed in rich backgrounds such as the LMC bar. This limits the sample to massive, young to intermediate-age clusters, while leaving the much more numerous low mass ones largely unexplored.
The VISCACHA survey 2 is performing a comprehensive study of the outer regions of the Magellanic Clouds by collecting deep, high quality images of its stellar clusters using the 4.1 m SOAR telescope and its SAM Imager (SAMI).
When compared with other surveys on the Magellanic Clouds, the VISCACHA survey is reaching >2mag deeper than previous studies (largely based on the 2MASS, MCPS or the VMC surveys), attaining S/N ≈ 10 at V ≈ 24, which is slightly better than those achieved by SMASH (z ∼ 23.5, g ∼ 22.5). Furthermore, while SMASH aims to search and identify low surface brightness stellar populations across the Magellanic Clouds, the VISCACHA survey will provide local high quality data of specific targets enabling the most complete characterization of their populations. Due to the employment of the adaptive optics system, the spatial resolution achieved by VISCACHA (FWHM ≈ 0.5 ′′ , V band) is higher than that of any other survey on the Magellanic Clouds, enabling the deblending of the stellar sources down to very crowded scenarios. Even though HST photometry (e.g. Glatt et al. 2008 ) is still deeper than ground based photometry, the spatial coverage of the VISCACHA survey greatly surpasses those with appropriate field of view and resolution, allowing for a larger cluster sample and a more complete understanding of these galaxy properties.
On a short term, the VISCACHA survey will deliver a high quality, homogeneous database of star clusters in the Magellanic Clouds, providing reliable physical parameters such as core and tidal radii, ellipticities, distances, ages, metallicities, mass distributions as derived from standard data reduction and analysis processes. The effects of the local tidal field over their evolution will be quantified through the analysis of their structural parameters, dynamical times, and positions within the Galactic system. Comparison of these results with models (e.g. van der Marel et al. 2009; Baumgardt et al. 2013) will provide important constraints to understand the evolution of the Magellanic Clouds.
Once a significant sample has been collected, a study of the star formation history and chemical enrichment of the star clusters located at the periphery of these galaxies will be carried out to probe the local galactic properties. Based on this dataset, several aspects concerning the 2 http://www.astro.iag.usp.br/~viscacha/ evolution of these galaxies will be revisited, such as spatial dependence of age-metallicity relationship (Dobbie et al. 2014) , the "V"-shaped metallicity and age gradients found in the SMC (Dias et al. 2014 (Dias et al. , 2016 Parisi et al. 2009 Parisi et al. , 2015 , the 3D cluster distribution, the inclination of the LMC disc, among others.
Finally, our catalogues will be matched against others (e.g. MCPS, VMC, OGLE) comprising a more complete panchromatic data set that will serve as reference for future studies of star clusters in the Magellanic Clouds. Even though this is not a public survey, it has a legacy value, therefore we intend to eventually compile an easily accessible on-line database, including photometric tables, parameter catalogues, and reduced images.
OBSERVATIONS
Historically, the VISCACHA team originated from the merging of two Brazilian teams, one of them observing star clusters in the periphery of the LMC looking for structural parameters, and the other one observing clusters in the periphery of the SMC looking for age-metallicity relation and radial gradients. Both teams started observing with the SOAR optical imager (SOI) since its commissioning in 2006, and joined forces to found the VISCACHA collaboration observing with the recently commissioned SAMI in 2015. We broadened the science case and the collaboration team, having members based in Brazil, Chile, Argentina, and Colombia so far.
Considering the observing runs 2015A, 2015B, 2016B and 2017B we have observed about 130 clusters. In order to demonstrate the methods concerning CMDs and cluster structure we use in the present study a subsample of 4 SMC and 5 LMC clusters illustrating different concentration, total brightness and physical parameters. Their V images are shown in Fig. 1 and their observation log in Tab. 2. A list containing the full sample of all observed clusters up to the 2017B run is given in the appendix (Table D1) .
Strategy
The overall primary goal of VISCACHA is to further investigate clusters in the outer LMC ring, and to explore the SMC halo and Magellanic Bridge clusters. A panorama of these external LMC and SMC structures and the already collected VISCACHA targets are given in Fig. 1 . In the first outer LMC cluster catalogue (Lynga & Westerlund 1963) , the outer LMC ring could be inferred. It appears to be a consequence of a nearly head-on collision with the SMC, similarly to the Cartwheel scenario (Bica et al. 1998 ). This interaction is also responsible for the inflated SMC halo (Fig. 1) . In Bica et al. (2008) these structures can be clearly seen. In that study they found 3740 star clusters in the Magellanic System. However, this number does not account for other cluster types such as embedded clusters, small associations (Hodge 1986) , and other types of objects.
The north-east outer LMC cluster distribution has also been recently discussed by Pieres et al. (2017) . The outer ring is located from 5 kpc to 7 kpc from the dynamical LMC centre, but well inside its tidal radius ( 16 kpc Bica et al. (2008) . Surrounding panels: V image of selected targets, representing the variety of cluster types in the survey. (Santos et al. 2006 ), these objects are ideal candidates to be remnants from the LMC formation epoch. In particular, such clusters may belong to a sample without a counterpart in our Galaxy due to the different tidal field strengths, persisting as bound structures for longer times than in the Milky Way. In the SMC, the galaxy main body can be represented by an inner ellipsoidal region, while its outer part can be sectorised as proposed by Dias et al. (2014 Dias et al. ( , 2016 : (i) a wing/bridge, extending eastward towards the Magellanic Bridge connecting the LMC and SMC; (ii) a counter-bridge in the northern region, which could represent the tidal counterpart of the Magellanic Bridge; (iii) a west halo on the opposite side of the bridge. These groups had also been predicted in the stellar distribution of Besla (2011) and Diaz & Bekki (2012) models and most likely have a tidal origin tied to the dynamical history of the Magellanic Clouds. The wing/bridge clusters present distinct age and metallicity gradients (Parisi et al. 2015; Dias et al. 2016 ) which could be explained by tidal stripping of clusters beyond 4.5 deg, radial migration, or merging of galaxies. The age and metallicity gradients in the west halo were used to propose that these clusters are moving away from the main body (Dias et al. 2016) , as confirmed later by proper motion determinations from VMC survey (Niederhofer et al. 2018) , HST and Gaia measurements (Zivick et al. 2018) . These radial trends are crucial to charaterise the SMC tidal structures and to define a more complete picture of its history.
Photometric images with BV I filters were obtained for approximately 130 clusters 3 in the LMC, SMC and Bridge so far, during the semesters of 2015A, 2015B, 2016B and 2017B. Their distribution in the Magellanic System is shown in Fig. 1 .
Instrumentation: SAMI data
Observation of our targets include short exposures to avoid saturation of the brightest stars (V ∼ 16) and deep exposures to sample V ∼ 24 stars with S/N ∼ 10. Photometric calibration of individual nights have been done by observing both Stetson (2000) (for extinction evaluation) and MCPS fields (for colour calibration) over the B, V and I filters.
SAM is a GLAO module using a Rayleigh laser guide star at ∼7 km from the telescope. SAM was employed with its internal CCD detector, SAMI (4K× 4K CCD), set to a gain of 2.1 e − /ADU and a readout noise of 4.7 e − and binned to 2×2 factor, resulting in a plate scale of 0.091 arcsec/pixel with the detector covering a field-of-view of 3.1×3.1 arcmin 2 on the sky. Peak performance of the system produce FWHM ∼0.4 arcsec in the I band and ∼0.5 arcsec in the V band, which still allows for adequate sampling of the point spread function (PSF), reaching a minimum size of ∼4.4 pixels (FWHM) in those occasions.
SAM operates at a maximum rate of 440Hz which means it can only correct the effects of ground-layer atmospheric turbulence if the coherence time is τ 0 > 2.3ms. The closer the τ 0 is to this limit the worse is the AO correction. In fact, Table 2 shows that although all clusters were observed under similar seeing and airmass, the delivered image quality (IQ) varied from target to target. The variation is explained by the free-atmosphere seeing variations (above 0.5km) that are not corrected by GLAO. The SMC clusters were observed under better conditions of the free-atmosphere and as a consequence have deeper photometry reaching the goals of the ideal performance for the VISCACHA data. For the last observation period (2017B), we only took short exposures in the B filter since SAM has optimal performance in V and I bands, which decreases towards blue wavelengths. This strategy allowed us to increase our number of targets observed with AO, improving the efficiency of the survey. It is worth noticing that even for observations with relatively high airmass (X ∼ 1.3 − 1.7) the instrument performed well, improving the image quality, whenever the atmospheric seeing was around 1 arcsec.
DATA REDUCTION

Processing
The data were processed in a standard way with IRAF, using automated scripts designed to work on SAM images. Prereduction included bias subtraction and division by skyflats using the ccdred package and cosmic rays removal with the crutil package. Correction of the camera known optical distortion was also done, as it is large enough (∼10%) to shift stellar positions by more than 1 arcsec in some image areas. Subsequent astrometric calibration was performed with the imcoords package, using astrometric references from 2MASS, GSC-2.3 and MCPS catalogues, and ensuring a typical accuracy better than ∼ 0.1 arcsec for all our images. See Fraga et al. (2013) for further details in the processing and astrometric calibration procedures.
The final processing step was to register the repeated long exposures in each filter to a common WCS frame and to stack them into a deeper mosaic using the IRAF immatch package. To preserve image quality of our mosaics the coadded images were weighted according to their individual seeing (∝ FW H M −2 ). This, allied with the good quality of our astrometric solutions, resulted in very little degradation of the stellar PSF (< 10%) in the resulting mosaics.
Photometry
Stellar photometry was done using a modified version of the Starfinder code (Diolaiti et al. 2000) , which performs isoplanatic high resolution analysis of crowded fields by extracting an empirical PSF from the image and cross-correlating it with every point source detected above a defined threshold. The modifications were aimed mainly at automatising the code, minimising the user intervention. Modelling of each image PSF was carried out by using 20 to 50 bright, unsaturated stars presenting no bright neighbour closer than 6 FWHM. This initial PSF was used to model and remove faint neighbours around the initially selected stars, which were then reprocessed to generate a definitive PSF. shows the resulting PSF of the deep I mosaic of the cluster Kron 37 after the subtraction of secondary sources around the model stars. Even though the FWHM is only about 5 pixels, the PSF profile is clearly defined up to a distance of 30 pixels (∼6 FWHM), well into the sky region.
Quality assessment of the PSF throughout the image was performed with the IRAF psfmeasure task to derive the empirical FWHM and ellipticity of several bright stars over the image. Fig. 3 shows that the PSF shape parameters (e.g. FWHM, ellipticity), and consequently the AO performance, are very stable through the image, indicating that higher order terms (e.g. quadratically varying PSF) are not necessary to properly describe the stellar brightness profile on SAM images.
Performance: SAMI vs SOI
The members of the VISCACHA project have been acquiring SOAR data for a long time. Before the commissioning of the SAM imager, we have extensively used the previous generation imager SOI, establishing a considerable expertise with the instrument. The migration to the new imager after 2013, was an obvious choice given its performance increase over the older instrument.
Therefore, we compare the performance of a typical optical imager without AO, such as SOI, with SAMI as we observed the cluster HW20 in the night 27/09/2016 with both instruments. Exposure times were (6×200) s in the V filter and (6×300) s in I filter. Although the Differential Image Motion Monitor (DIMM) reported a 0.85 ′′ seeing for the observations, the SOI I image attained a stellar FWHM of 1.19 ′′ and the SAM image reached FWHM of 0.44 ′′ on closed loop. Fig. 4 compares a section of the SAM and SOI I images around the centre of HW20 and shows how the de- crease of the seeing by the AO system reduces the crowding and effectively improves the depth of the image. In addition, SOI presents relatively intense fringing in the I filter, requiring correction for precision photometry. Since fringe correction requires at least a dozen dithered exposures of non-crowded fields, we have used a fringe pattern image we derived from 2012B data to correct the fringes in HW20. On the other hand, SAMI I images show negligible to null fringing.
Finally, to empirically compare the instruments, we have performed PSF photometry (see Sect. 4 .2) in the fringecorrected SOI images and SAM images of HW20, subject to the same constraints and relative detection thresholds. Given the different fields of view of these instruments, we have restricted the analysis to an area of 3 ′ × 3 ′ near the cluster centre, equally sampled by both instruments. Fig. 5 compares the photometric errors and depth reached by each instrument. It can be seen that with the AO system working at its best, SAM images reach more than one magnitude deeper than SOI under the same sky conditions. Furthermore, the improved resolution also helped detect and deblend more than twice the number of sources found by SOI, particularly in the fainter regime (I ≥ 22.0).
Calibration
Transformation of the instrumental magnitudes to the standard system was done using at least two populous photometric standard fields from Stetson (2000) (e.g. SN1987A, NGC1904, NGC2298, NGC2818), observed at 2 to 4 different airmass through each night. Following the suggestions given in Landolt (2007) , the calibration coefficients derived from these fields were calculated in a two-step process: i) airmass (X j ), instrumental (m j ) and catalogue (M j ) magnitudes in each band ( j) were employed in a linear fit given by Eq. 1 to evaluate the extinction coefficients (e j );
ii) the extra-atmospheric magnitudes (m ′ j = m j − e j X j ) were then used to derive colour transformation coefficients (c j ) and zero-point coefficients (z j ) according to Eq. 2: Figure 6 shows the fit of Eqs. 1 and 2 to determine the V filter extinction, zero-point and colour coefficients for stars in the NGC2818 and NGC2298 standard fields in the night of . Fits in the V filter to determine the extinction coefficients (top) and the colour and zero-point coefficients (bottom) for the night of 22-02-2015, using the NGC2818 and NGC2298 standard fields. About 70 stars in both fields were used in the determination of the mean extinction coefficient and twice that number in the global fit to determine the colour coefficient. The resulting coefficients and their 6-σ uncertainty level are represented by the solid and dashed lines respectively. February 22, 2015. Since the stars in each standard field were observed more than once (typically at 3 different airmass), the fit of Eq. 1 was made in a star-by-star basis and the final extinction coefficient and its uncertainty determined from the average and deviation of the slopes found. This approach offers a better precision than a single global fitting (i.e. carried out over all stars simultaneously) such as done by iraf, because the intrinsic brightness difference between the standard stars (i.e. the spread in the y−axis on the upper panel) is factored out. On the other hand, the colour and zero-point coefficients were found from a global solution using the extra-atmospheric magnitudes for all stars in the two standard fields by means of a robust linear fitting method. At this point, the combination of several standard fields in a single fit is advantageous as it provides a larger sample and wider colour range to help constrain the fit. These fitting procedures were applied to the data calibration from 18 nights observed through semesters 2015A−2016B, resulting in the mean coefficient values and deviations shown in Table 3 . These values are in excellent agreement with those reported by Fraga et al. (2013) . In order to calculate the photometric errors, we first write the colour calibration equations given by Eq. 2 as the following system:
which can be more easily expressed in matrix notation by:
where the instrumental quantities (v, b − v, v − i) and the corrections due to the zero point (z) and extinction (e) are now represented by vectors. The calibrated quantities vector (V, B − V, V − I) can be found by inverting this linear system, which requires only calculating the inverse of the colour coefficients matrix (C):
However, propagating the errors through this solution is more subtle, given that the matrix inversion is a nonlinear operation and that the resulting cofactors are often correlated with each other. Following the formalism in Lefebvre et al. (2000) , the total uncertainties on the calibrated quantities (σ M ) can be derived analytically from the uncertainties of the instrumental quantities (σ m ), zero point (σ z ), extinction (σ e ) and colour coefficients (σ C ) as:
where the uncertainties in the inverted colour coefficients matrix (σ C −1 ) are calculated directly from the individual colour coefficients uncertainties as:
According to this prescription the total photometric uncertainty of a source, defined by Eq. 6, can be understood as being composed of three components arising from: (i) the PSF photometry (first right hand term), (ii) the extinction correction (second right hand term) and (iii) the colour transformation to the standard system (remaining right hand terms), as shown in Fig. 7 . In our data these uncertainties are typically dominated by the extinction correction and colour calibration contributions for stars brighter than V ∼19.5, which is about the red clump level of the SMC and LMC clusters, and by the photometric errors for stars fainter than that. Typically, we reached a final error of ∼0.1 mag for V=24 mag, which is more accurate than those obtained by surveys without the AO system (e.g SMASH, MCPS).
A Monte-Carlo simulation was also employed to propagate the uncertainties through the calibration process. In each step, each coefficient (i.e. zero-point, extinction and colour ones) and instrumental magnitude were individually deviated from its assumed value using a random normal distribution of the respective uncertainty and the calibrated magnitudes calculated through Eq. 5. At the end of 10 6 Figure 7 . Photometric uncertainties as function of V for Kron 37. Contributions from the photometry (thin line), the extinction correction (dashed line) and the colour calibration (dotted line) compose the total photometric uncertainty (solid line), which was also derived using a Monte-Carlo simulation (dot-dashed line).
steps, the standard deviation of each calibrated magnitude was computed and assigned as its total photometric uncertainty. It can be seen in Fig. 7 that the two solutions for propagating the uncertainties are equivalent, with only minor deviations. However, while the Monte-Carlo solution can be computing intensive, the analytical solution presented in Eq. 6 requires negligible computational time.
Completeness
Artificial star tests were performed in each image of the present sample in order to derive completeness levels as function of magnitude and position. The empirical PSF model was used to artificially add stars with a fixed magnitude to the image in a homogeneous grid, with a fixed spacing of 6 FWHM to prevent overlapping of the artificial star wings and overcrowding the field. Several grids with slightly different positioning and with stellar magnitudes ranging from 16 to 25 were simulated, generating more than 100 artificial images for each original one.
Photometry was carried out over the artificial images using the same PSF and detection thresholds as in the original one, and the local recovery fraction of the artificially added stars used to construct spatially resolved completeness maps, as shown in Fig. 8 for Kron 37 at V = 23mag. It can be seen that incompleteness can severely hamper the analysis of the low mass content of the cluster, as the local completeness value near the centre ( 15%) falls much more rapidly than the overall field value (∼ 85%). The same trend is clear in Fig. 9 where average completeness curves are shown for three regions: the whole image, the cluster core region and the region outside it. It can be seen that completeness assessments based on an average of the whole image are too optimistic by a factor of 20-50% towards the inner regions of the cluster for stars fainter than the main sequence turnoff level. Usually, the RGB stars have 100% completeness and it starts to decrease from the turnoff towards fainter stars. Because of that we consider the dependence on the magnitude and on the position when applying photometric completeness corrections, before RDP and CMD fitting. . Completeness as a function of V magnitude for Kron 37 over three different regions: the region inside the core radius (down facing red triangles), the one outside it (up facing green triangles) and the whole image (filled black diamonds).
ANALYSIS AND METHODOLOGY
Radial profile fitting
Given the nature of stellar clusters, it is expected that photometry incompleteness will be higher toward their central regions (see Sect. 4.5). Therefore, if stellar counts are employed to build radial profiles, reliable structural parameters can only be derived after a spatially resolved completeness correction is carried out (e.g. as in Maia et al. 2016; Dias et al. 2016) . Alternatively, brightness profiles measured directly over the clusters' images can also be used (Piatti & Mackey 2018) .
Once a reliable radial profile is built, cluster parameters are usually inferred by fitting an analytic model which describes its stellar distribution. Although the King (1962) model has long been used in describing Galactic clusters, the EFF model (Elson et al. 1987 ) arguably provides better results for young clusters in the LMC, presenting very large halos. In addition, it has the advantage of also encompassing the Plummer (1911) profile, largely used in simulations.
Nevertheless, we preferred the King (1962) model as it provides a truncation radius to the cluster, effectively defining its size, whereas the EFF model cluster has no such parameter. Also, it generally yields best fits than the EFF model for intermediate-age and old clusters in the Clouds (Werchan & Zaritsky 2011; Hill & Zaritsky 2006) . We note that dynamical models such as the King (1966) and Wilson (1975) have also been successfully used to describe finite Magellanic Clouds clusters with extended halos (McLaughlin & van der Marel 2005) , being excellent alternatives.
Following this reasoning we have adopted two methods to infer the structural parameters of the present sample. First, surface brightness profiles (SBPs) were derived directly from the calibrated V and I images. Stellar positions and fluxes were extracted from the reduced frames using DAOPHOT (Stetson 1987) , considering only sources brighter than 3 σ above the sky level. The centre was then determined iteratively by the stars' coordinates centroid within a visual radius 4 , starting with an initial guess and adjusted for the new centre at each step. Thereafter, the flux median and dispersion were calculated from the total flux measured in eight sectors per annular bin around this centre. The sky level, obtained from the whole image, was subtracted before the fitting procedure. Although the I band provides the best image quality compared with the V band, its enhanced background makes the resulting profiles noisier. Since smaller uncertainties were achieved for the V band, it was the one used in the present analysis.
The King model (King 1962 ) parameters -central surface brightness (µ 0 ), core radius (r c ) and tidal radius (r t ) -were estimated by fitting the following function to the SBPs:
where
The fitting range was restricted to the cluster limiting radius, defined as the point where the flux profile reaches an approximately constant level. From the limiting radius outward, the flux measurements were used to compute the stellar background/foreground, which was subtracted from the profile before fitting. There were cases for which it was not possible to obtain r t because background fluctuations dominate the outer profile. Fig. 10 (top panel) shows the fit of Eq. 8 to the SBP of Kron 37. The results for the other clusters in our sample can be found in the appendix (Figs. A1 and A3).
As a second approach, we have derived the clusters structural parameters from classical radial density profiles (RDPs) built from completeness corrected stellar counts (e.g Maia et al. 2016) , using the King analytical profile:
Four different bin sizes were used to build the density profile, keeping the smallest bin size at about the cluster core radius. The fit for Kron 37 is shown in Fig. 10 (bottom panel). It should be noted that a radial profile without any completeness correction (open diamonds) also fits a King profile perfectly well. Although the fit converges, the results obtained are not astrophysically meaningful; the tidal radii can be recovered because incompleteness is not severe there, but the core radii are always in error, usually overestimated by a factor of 2 or higher. The fits for the remaining clusters are shown in Figs. A2 and A4.
The SBP and the RDP are complementary measurements of cluster structure. While SBPs are less sensitive to incompleteness than RDPs, a critical issue towards the clusters' centre, stochasticity and heterogeneity of field stars towards the outer cluster regions make the fluctuations on the SBP background much higher than those of the RDP background. Even if this can hinder or even make impossible the determination of the tidal radius in SBPs, the problem is mitigated in the RDPs, allowing reliable determination of this parameter even without completeness correction.
While the SBP uncertainties grow from the cluster centre to its periphery due to progressive flux depletion, the RDP uncertainties decrease in this sense as a consequence of the steadily rise of the number of stars. By combining the structural parameters obtained from King (1962) model fitting to the SBP and to the RDP of the clusters, we expect to minimize such uncertainties across the entire profile. The parameters' weighted average and uncertainty were calculated as:x
.
The tidal radii of the clusters K 37, HW 20 and KMHK 228 come only from the RDP because their fits did not converge for the SBP. Based on the resulting r c and r t values, the clusters concentration parameter c ≡ log (r t /r c ) (King 1962) was also derived. Table 4 compiles the resulting structural parameters for the present clusters.
Isochrone fitting
For the analysis of the photometric data, we initially used the structural parameters to define the cluster and field samples within each observed field. Usually all stars inside the cluster tidal radius were assigned to the cluster sample and the ones outside it to the field sample. For a few clusters presenting r t close to or larger than the image boundaries (i.e. leaving no field sample), half the tidal radius was employed as a cluster limit instead. Integration of the King profiles have shown that depending on the concentration parameter, 75% (c ∼ 0.5) to 99% (c 1.0) of the cluster population lies within that radius, ensuring sufficient source counts in both cluster and field samples. The implications of this choice are discussed and accounted for in Sect 5.3. Then, a decontamination procedure (Maia et al. 2010 ) was applied to statistically probe and remove the most probable field contaminants from the cluster region, based on both the positional and the photometric characteristics of the stars, comparing the cluster and field regions defined above.
The field decontaminated CMD of the clusters were then used to derive their astrophysical parameters via the Markov-Chain Monte-Carlo technique in a Bayesian framework. The likelihood function was derived using PARSEC isochrones (Bressan et al. 2012 ) to build synthetic CMDs of simple stellar populations, spanning a wide range of parameters (e.g. Dias et al. 2014) . Figure 11 shows the posterior distribution of the determined parameters for Kron 37. Typical uncertainties of the method are about 0.15 dex in metallicity, 10-20% in age, ∼2 kpc in distance and ∼0.02 mag in colour excess. Figure 12 shows the best model isochrone and Figure 11 . Posterior distribution of parameters derived for Kron 37 using a MCMC bayesian framework. The derived parameters and their uncertainties are also shown.
the synthetic population superimposed over the Kron 37 decontaminated CMD. Respective figures for all other SMC and LMC clusters can be found in Appendix B. The distance estimates were used to convert the core and tidal radii previously derived in Sect. 5.1 to physical sizes, thus allowing a more meaningful comparison of their values. Most of our targets present core sizes of 2-3 pc, with the exceptions of NGC796 and OHSC3 which showed more compact cores and SL61 presenting a very inflated one. Tidal sizes were mainly found in the range of 10-20 pc, except for K37, NGC796 and SL61, presenting larger tidal domains. Table 5 compiles the resulting astrophysical parameters.
Stellar mass function fitting
The distribution of mass in a stellar cluster can yield important information on its evolutionary state and on the external environment. As none of the studied objects show any sign of their pre-natal dust or gas given their ages, their stellar components are the only source of their gravitational potential (e.g. Lada & Lada 2003) . Thus, the number of mem- ber stars and their concentration will determine, in addition to the galaxy potential, for how long clusters survive.
To derive the stellar mass distribution of the target clusters, a completeness corrected M I luminosity function (LF) was first built by applying the distance modulus and extinction corrections to the stars' magnitudes. Afterwards, the LF was converted to a mass function (MF) employing the mass-M I relation from the clusters' best-fitted model isochrone, using the procedure described in Maia et al. (2014) . The observed cluster mass (M obs ) is then obtained by adding up the contributions of individual bins across the MF.
The MF slope was determined by fitting a power law over the cluster mass distribution. Following the commonly used notation, our power law can be written as:
where α is the MF slope and A is a normalisation constant.
To avoid discontinuities and multiple values in the M I -mass relationships, the MF slope fitting procedure was restricted to main sequence stars, thus excluding giants beyond the turn-off. The masses and the stellar MF slopes obtained for all clusters are shown in Table 5 . Fig. 13 shows the luminosity function, the resulting mass function and the fit of Eq. 11 for Kron 37. Figs. C1 and C2 show the resulting LF and MF for the remaining samples clusters. We typically reach stellar masses as low as 0.8 M ⊙ under good AO performance, and about 1.0 M ⊙ otherwise. This limit is deeper than that reached by large surveys in the crowded regions of star clusters (e.g. MCPS will reach ∼2.5 M ⊙ at 50% completeness level for a typical main sequence star in the SMC). We note that the spatially resolved completeness correction employed is crucial in probing the low-mass regime.
Whenever it could be assumed that a cluster stellar content follows the IMF, i.e. it presents a (high mass) MF slope that is compatible with the expected value of α = −2.30±0.36 given by Kroupa et al. (2013) , its total mass was estimated by integrating this analytical IMF down to the theoretical mass limit of 0.08 M ⊙ . Uncertainties on the IMF analytical parameters and the normalization constant A, derived in the MF fit, were properly propagated into the total integrated mass (M int ), shown in Table 5 .
Since clusters K37, NGC796, SL61 and SL897 presented sizes (r t ) outside or very close to the image boundaries, their mass functions were estimated using only stars inside their inner region (within half r t ). Their total observed masses were later corrected to their full spatial extent based on integrations of their King profiles. Given the way the stars are distributed in each cluster, the correction factors amounted to 1.01-1.35, being higher for less concentrated clusters like SL61 and almost negligible to the concentrated ones like NGC796.
This was also reflected on the MF slope of these two clusters, which were found slightly flatter than the IMF, indicating a deficit of low mass content in their inner region. This could be interpreted as a sign of mass segregation or preferential loss of the low mass content, depending on whether these stars are found in the periphery of these clusters or not. Both hypotheses have implications regarding the clusters dynamical evolution and the external tidal field acting on them.
Similarly, AM3 and OHSC3 presented MF slopes significantly flatter than expected by the IMF. Since their full extent was sampled by the images, it is possible to assert that severe depletion of their lower mass content took place. Their low mass budget and advanced ages makes them specially susceptible to stellar evaporation and tidal stripping effects. The remaining clusters showed no such signs of depletion of their stellar content.
In most cases the total integrated mass is 2-4 times the observable mass of the cluster. This can be explained by the shape of the IMF which peaks around 0.5 M ⊙ , below the minimum observed mass of ∼0.8-1.0 M ⊙ , implying that most of the cluster mass lies in the less massive stellar content, unseen by our observations. The errors of the integrated masses are larger than those of the observed masses because they include (and are dominated by) the uncertainty in the exponents of the adopted IMF (Kroupa et al. 2013) in this lower mass regime.
FIRST RESULTS
Tables 4 and 5 summarize the parameters determined for a sample of 9 clusters from the present data set. These were chosen to represent the large variety of cluster types found, in terms of richness, ages, metal content and density. In this section, we discuss our results in comparison with those provided in the literature. Many clusters had their ages previously derived from integrated photometry and ours are the first estimates based on stellar isochrone fitting. Similarly, distances and/or metallicities were often assumed constant in previous photometric studies, making our values the first set of simultaneously derived, self-consistent parameters. In addition, determinations of most of the clusters' mass bud-gets and mass distributions were done for the first time in this work. Particularly, we derived for the first time the considered astrophysical parameters for HW20 and KMHK228. We discuss below the results for each cluster and compare them with the available literature.
OHSC 3 (LMC)
From integrated spectroscopy, Dutra et al. (2001) obtained an age of 1-2 Gyr for OHSC 3, in agreement with our determination, and reddening E(B − V)=0.12 from Schlegel et al. (1998) dust maps, a little over our estimate from isochrone fitting.
SL 576 (LMC) Bica et al. (1996) derived for SL 576 an age in the range 200-400 Myr from the measured integrated colours (U − B)=0.08 and (B − V)=0.38 and their calibration with Searle et al. (1980) SWB type. Our analysis gave an age consistent with a much older cluster (0.97 Gyr). Integrated colours may be affected by stochastic effects from bright field stars superimposed on the cluster direction, specifically in this case a non-member blue star would contribute to lower the cluster integrated colours, and so mimicking a younger cluster. On the other hand, in our photometry this issue was accounted for with the decontamination procedure where any outsider is excluded before the isochrone fitting.
SL 61 (LMC)
Among the LMC clusters in our sample, SL 61 (=LW 79) is the most studied. Geisler et al. (1997) determined an age of 1.8 Gyr by measuring the magnitude difference between main sequence turnoff and red clump and using a calibration of this parameter with age. Its integrated colours, (U − B)=0.27 and (B − V)=0.59, place SL 61 in the age range 0.6-2.0 Gyr Bica et al. 1996) . By adopting (m − M) • = 18.31 and E(B − V) = 0.08 from independent measurements, Mateo (1988) performed isochrone fits to the clusters' cleaned CMD built from BV R photometry (Mateo & Hodge 1987 ), obtaining [Fe/H]=0.0 and an age of 1.8 Gyr or 1.5 Gyr depending on the stellar models used, with or without overshooting, respectively. Grocholski et al. (2007) redetermined an age of 1.5 Gyr based on the cluster photometry by Mateo & Hodge (1987) and updated isochrones. Using the red clump K magnitude, they obtained a distance of 49.9 ± 2.1 kpc, and considering Burstein & Heiles (1982) extinction maps, a reddening of E(B − V) = 0.11 was adopted. From a calibration of the Ca II triplet with metallicity, Grocholski et al. (2006) derived [Fe/H]= −0.35 ± 0.04 from 8 stars and Olszewski et al. (1991) , using the same technique, obtained [Fe/H]=-0.50 based on a single cluster star. In general, our results are in agreement with those of the literature, which are compatible among themselves. Regarding the cluster age, our value (2.08 Gyr) is consistent with literature upper estimates given the uncertainties quoted in Table 5 . Since our deep photometry resolves stars some magnitudes below the turnoff, we are confident of the age derived, because the CMD region most sensitive to age was assessed and thus a reliable isochrone match was possible. Our derived metallicity is intermediate between those determined from Ca II triplet spectra. The same conclusion can be drawn for the reddening and distance derived.
SL 897 (LMC)
Integrated photometry of SL 897 (=LW 483) yielded colours (U − B)=0.24 and (B − V)=0.56, that are compatible with an intermediate-age (400-800 Myr) cluster (Bica et al. 1996) . Piatti & Bastian (2016) investigated the cluster by means of gi photometry using the 8-m Gemini-S telescope obtaining a deep, high quality CMD. Isochrone fits to a cleaned CMD determined an age of 1.25 ± 0.15 Gyr by adopting initial values of metallicity ([Fe/H]=-0.4), reddening (E(B −V)=0.075) and distance modulus ((m− M) • = 18.49±0.09) from previous observational constraints. Recalling that in our analysis all parameters were free in the search for the best solution, we found similar age, metallicity and reddening (see Table 5 ). As for the distance, our study places the cluster closer than the LMC average, the value used by Piatti & Bastian (2016) . This is also the only cluster in our LMC sample that had its structural properties previously investigated, allowing a direct comparison with our results. Piatti & Bastian (2016) derived r c = 2.7 ± 0.5 pc and r t = 36.4 ± 2.4 pc from star counts. While our determined core radius is similar (r c = 2.6 ± 0.4 pc), our tidal radius (r t = 19.2 ± 2.2 pc) is considerably smaller, but comparable to their value for the cluster radius (r cls = 21.8 ± 1.2 pc). Besides the distance difference, we identified two possible reasons for this discrepancy: (i) while Piatti & Bastian (2016) RDP extends to ∼ 160 ′′ , ours is restricted to ∼ 80 ′′ and (ii) their photometry being slightly deeper, it may catch lower mass stars which occupy cluster peripheral regions as a consequence of evaporation and mass segregation. We postpone a detailed analysis of this issue for a forthcoming paper dealing with structural parameters of VISCACHA clusters.
KMHK 228 (LMC)
For KMHK 228 we provide astrophysical parameters for the first time.
AM 3 (SMC)
This is one of the three clusters discovered by Madore & Arp (1979) who indicated it as the possible westernmost cluster of the SMC. It is also in the west halo group classified by Dias et al. (2014) . The reddening was derived only by Dias et al. (2014) as E(B-V)=0.08±0.05 which agrees very well with our derived value of E(B-V)=0.06 +0.01 Gyr, and also by Piatti & Perren (2015) ; Piatti (2011); Da Costa (1999) as 4.5±0.7 Gyr, 6.0±1.0 Gyr, and 5-6 Gyr respectively, but the last three fixed distance and reddening values to derive the age. Nevertheless all age estimates agree with ours of 5. . This rather large uncertainty in metallicity is owing to the low number of RGB stars to properly trace its slope. We are carrying out a spectroscopic follow-up to better constrain the AM3 metallicity.
The structural parameters were only derived by Dias et al. (2014) : r c = 18.1± 1.1 ′′ and r t = 62± 6 ′′ . The tidal radius agrees with our value of r t = 54±8 ′′ and with the estimated size of 0.9 ′ from the Bica catalogue (Bica & Schmitt 1995) . The core radius is larger than that derived by us, r c = 5.6 ± 0.8 ′′ . The difference comes from the unresolved stars in the centre of the cluster using SOI photometry by Dias et al. (2014) , who derived only the RDP and were limited by some bright stars in the inner region. We could resolve the central stars using AO with SAMI and we confirmed the core radius using the SBP. Da Costa (1999) estimated M V = −3.5 ± 0.5 mag as the total luminosity of AM 3, which corresponds to M∼ 2.5 × 10 3 M ⊙ . We refrained from calculating a total integrated mass for AM3, given that its MF slope showed heavy depletion of its lower mass stellar content. This behavior implies a smaller contribution from the unseen low mass content, meaning that its integrated mass would be closer to the observed mass budget.
HW 20 (SMC)
This cluster belongs to the wing/bridge group in the classification of Dias et al. (2014) . We derive accurate age, metallicity, distance, and reddening for the first time and found 1.10 +0.08 Gyr, which is very different from our determinations. Another combination agrees better with our results but with larger error bars using GALEV:
Gyr. The structural parameters were derived before by Hill & Zaritsky (2006) : r c = 3.05 pc and the 90% light radius as 18.28 pc. The core radius agrees well with our determination of r c = 3.26±0.61 pc, but their 90% radius is significantly larger than the tidal radius derived here: r t = 11.2 ± 3.3 pc. The size estimated in the Bica catalogue (Bica & Schmitt 1995) of 0.75 ′ agrees better with our tidal radius of 37±11 ′′ . Hill & Zaritsky (2006) used photometry from the MCPS that is limited to V < 21 mag while we included also fainter stars down to V < 24 mag. Figs. A3 and A4 show that the sky background is high, and that a tidal radius much larger than 11-12 ′′ would not fit the profile. It is possible that the fitting by Hill & Zaritsky (2006) was limited by a poor determination of the sky background based only on bright stars in a crowded region. Rafelski & Zaritsky (2005) ; Hill & Zaritsky (2006) derived M V = 14.97 and 16.2, which corresponds to M ∼ 4.3×10 3 M ⊙ and ∼ 1.2×10 3 M ⊙ . Our mass determination is within this range: M = 2.06 ± 0.43 × 10 3 M ⊙ .
K 37 (SMC)
This is also a wing/bridge cluster in the classification of Dias et al. (2014) . SIMBAD classifies it as an open Galactic cluster, but based on its position and distance, it is probably an SMC cluster. Accurate age was derived only by Piatti (2011) as 2.0±0.3 Gyr based on the magnitude difference between MSTO and RC. Glatt et al. (2010) estimated ∼1.0 Gyr with error bars larger than 1-2 Gyr based on MCPS photometry that is limited to clusters younger than 1 Gyr. Rafelski & Zaritsky (2005) derived ages based on integrated colours, and the combination of model, metallicity, and age with smaller error bars led to an age of 1.13 +0.05 −0.14 within uncertainties, we call attention to the fact, that the very good agreement with the spectroscopic value gives strength to the VISCACHA metallicities whenever the cluster has enough RGB stars.
The structure parameters from previous works do not agree very well. Hill & Zaritsky (2006) and Kontizas et al. (1985) derived r c = 3.36 +2.14 −0.92 pc and r c = 1.3 pc, respectively, and our result of r c = 3.42 ± 0.47 pc agrees well with the most recent value. The same authors derived r 90 = 11.07 2.2 −3.29 pc and r t = 40.3 pc and none of them are close to our derived value of r t = 25.1 ± 5.2 pc. As the case of HW 20, our photometry is deeper and our images have better spatial resolution, therefore we are not biased by bright stars only as it may be the case of the previous works. In fact, our r t = 83 ± 17 ′′ agrees with the cluster size by Piatti (2011) and Bica & Schmitt (1995) of r=70±10 ′′ and 1.0 ′ , respectively, but not with Glatt et al. (2010) who derived r=0.5 ′ . The difference is probably because of their shallow MCPS photometry. All previous integrated magnitudes agree between M V =14.1-14.2 (Hill & Zaritsky 2006; Rafelski & Zaritsky 2005; Bica et al. 1986; Gascoigne 1966) , which means 9-10×10 3 M ⊙ , in good agreement with our determination of M=9.2±2.0 × 10 3 M ⊙ .
NGC 796 (SMC)
This is another wing/bridge cluster based on the classification of Dias et al. (2014) . It is possibly the youngest cluster in the Magellanic Bridge, the only one with an IRAS counterpart, defined by Herbig Ae/Be and OB stars (Nishiyama et al. 2007) . Accurate age was derived by Kalari et al. (2018) who observed the cluster in the very same night as we did using SAMI@SOAR, but using griHα filters. They derived 20 +12
−5
Myr assuming a metallicity of [Fe/H] < −0.7. Bica et al. (2015) derived 42 +24
−15
Myr, which agrees with our determination of 0.04 +0.01 −0.02
Gyr and with the estimates of a young age based on integrated spectroscopy ranging from 3-50Myr (Santos et al. 1995; Ahumada et al. 2002) . The older age derived by Piatti et al. (2007) . Reddening is very similar: 0.03 derived by Ahumada et al. (2002) , Bica et al. (2015) and Kalari et al. (2018) in agreement with ours of 0.02 +0.01 −0.01 . The distance derived by Kalari et al. (2018) of 59±0.8 kpc agrees very well with ours (60.3 +2.7 −2.4 kpc), and the much closer distance of 40.6±1.1 kpc derived by Bica et al. (2015) was considered very unlikely by Kalari et al. (2018) based on spectroscopic parallax.
The structural parameters were derived by Kontizas et al. (1986) and Kalari et al. (2018) : (r c , r t ) = (0.2, 36.5) pc and (1.4 ± 0.3, 13.9 ± 1.2) pc, respectively. These values do not agree with each other and our determinations lie in between: (r c , r t ) = (0.94±0.15, 28.4±2.9) pc. The photometric quality obtained by Kalari et al. (2018) is very similar to ours, but they used rings of similar density instead of circles around the cluster centre as we did, and they found anomalies in their fit, possibly because of this choice. Another difference is that they fit Elson et al. (1987) profiles and we fit King profiles. Kalari et al. (2018) found an MF slope of α = −1.99 ± 0.2, similar to the value we found α = −2.31 ± 0.17. Their derived integrated mass of 990±220 M ⊙ considered only stars more massive than 0.5 M ⊙ , and used their derived MF slope, which is slightly flatter than ours, for integration. In our experience, the stellar content less massive than 0.5 M ⊙ usually accounts for roughly half the cluster's integrated mass budget when it can be assumed to follow the IMF. Correcting for this and for the difference in the MF slopes, their reported mass becomes compatible with ours. The integrated magnitude by Gordon & Kron (1983) of M V = −0.97 ± 0.03 mag, meaning M ∼ 200 M ⊙ , should be taken with caution as the bright stellar content of this young cluster introduces a lot of stochasticity in the integrated magnitudes. Finally the derived mass by Kontizas et al. (1986) of 4 × 10 3 M ⊙ agrees with our determination of (3.6 ± 0.7) × 10 3 M ⊙ .
CONCLUSIONS AND PERSPECTIVES
We presented the VISCACHA survey, an observationally homogeneous optical photometric database of star clusters in the Magellanic Clouds, most of them located in their outskirts and having low surface brightness and for this reason largely neglected in the literature. Images of high quality (sub-arcsecond) and depth were collected with adaptive optics at the 4-m SOAR telescope. Our goals are: (i) to investigate Magellanic Cloud regions as yet unexplored with such comprehensive, detailed view, in order to establish a more complete chemical enrichment and dynamical evolutionary scenario for the Clouds, since their peripheral clusters are the best witnesses of the ongoing gravitational interaction among the Clouds and the MW; (ii) to assess relations between cluster structural parameters and astrophysical ones, aiming at studying evolutionary effects on the clusters' structure associated with the tidal field (location in the galaxy); (iii) to map the outer cluster population of the Clouds and identify chemical enrichment episodes linked to major interaction epochs; (iv) to evaluate the cluster distribution of both galaxies with the purpose of establishing the 3D structures of the SMC and the LMC.
In this first paper, the methods used to explore the cluster properties and their connections with the Clouds were detailed. We have shown that the careful image processing, PSF extraction and calibration methods employed, delivered high quality photometric data, unmatched by previous studies. Furthermore, a detailed spatially resolved completeness treatment allied with a robust analysis methodology proved crucial in deriving corrections to the most commonly used techniques in cluster analysis, such as the ones used to determine density profiles, CMDs and luminosity and mass functions. A reliable and homogeneously derived compilation of astrophysical parameters was provided for a sample of 9 clusters. Enlargement of this sample will allow us to better understand the galactic environment at the Magellanic Clouds periphery and to address our longer term goals.
In future work we intend to present a more detailed analysis of the whole cluster sample on each topic described in this paper, and present more general results concerning both Clouds. Then, we shall study the mass function and possible mass segregation, as well as constrain the star formation and tidal history in both Clouds. , 2004 , AJ, 128, 1606 Zivick P., et al., 2018 , ApJ, 864, 55 van der Marel R. P., Kallivayalil N., 2014 van der Marel R. P., Sahlmann J., 2016, ApJ, 832, L23 van der Marel R. P., Kallivayalil N., Besla G., 2009, in Van Loon J. T., Oliveira J. M., eds, IAU Symposium Vol. 256, The Magellanic System: Stars, Gas, and Galaxies. pp 81-92 (arXiv:0809.4268), doi:10.1017/S1743921308028299
APPENDIX A: STRUCTURAL ANALYSIS CHARTS FOR STUDIED CLUSTERS
This appendix compiles figures resulting from the structural analysis of the studied clusters, as described in Sect. 5.1.
Figs. A1 and A3 shows the fits of the King function (Eq. 8) over the surface brightness profiles (SBPs) of studied clusters.
Figs. A2 and A4 shows the fits of the King function (Eq. 10) over the radial density profiles (RDPs) of the studied clusters.
APPENDIX B: ISOCHRONE FITS CHARTS
This appendix compiles figures resulting from the isochrone fits of the studied clusters, using a MCMC approach, as described in Sect. 5.2.
Figs. B1 and B2 shows the posterior 
APPENDIX C: MASS FUNCTION FITTING CHARTS
This appendix compiles the figures resulting from the stellar luminosity and mass function derivations of the studied clusters, as described in Sect. 5.3. Figs. C1 and C2 show the LFs and the power law fits (Eq. 11) over the resulting cluster MFs for the present sample. Total masses and MF slopes are indicated.
APPENDIX D: LIST OF CLUSTERS OBSERVED BY THE VISCACHA SURVEY.
This appendix lists all the clusters observed by the VIS-CACHA survey up to the 2017B observing run. Their names, equatorial coordinates, observing dates and location in the Magellanic System, respectively, are shown in the columns of Table D1 . This paper has been typeset from a T E X/L A T E X file prepared by the author. 
